This study develops a theoretical model that explains the effectiveness of the balanced scorecard approach by means of a system dynamics and feedback learning perspective. Presumably, the balanced scorecard leads to a better understanding of context, allowing managers to externalize and improve their mental models. We present a set of hypotheses about the influence of the balanced scorecard approach on mental models and performance. A test based on a simulation experiment that uses a system dynamics model is performed. The experiment included three types of parameters: financial indicators; balanced scorecard indicators; and balanced scorecard indicators with the aid of a strategy map review. Two out of the three hypotheses were confirmed. It was concluded that a strategy map review positively influences mental model similarity, and mental model similarity positively influences performance.
computer-based simulations have shown that the accuracy of a person's mental model is a good predictor of their performance. Thus, it is reasonable to assume that, by enhancing their mental models, managers should be able to improve their capacity to deal with dynamically complex relationships in both internal and external environments. This in turn would improve their ability to manage the business system in order to achieve long-term success.
Managers make decisions and learn in the context of feedback loops (Forrester, 1961) . In single-loop learning, managers compare information about the state of a real system to pre-established goals, perceive deviations between desired and actual states, and make the decisions they believe will move the system towards the desired state. Single-loop learning does not change the managers' mental models. In double-loop learning, information about the business system is not only used to make decisions within the context of existing frames, but also feeds back to modify the managers' mental models (Argyris, 1976) . As their mental models change, managers define new strategies and policies.
Cognitive limitations and quality of feedback information are key factors that impact the effectiveness of double-loop learning because they have the potential to limit managers' perception and understanding of the actual business system (Richardson et al., 1994; Sterman, 2000) . Owing to cognitive limitations, the mental models that managers use for decision making are necessarily imperfect, with the result that a flawless assessment of the dynamic behavior of the business system is nearly impossible (Sterman, 2000) . Strategic learning processes are also strongly influenced by the quality of information fed back about the state of the business system. Managers use that information to interact with the business system. In the event of imperfect feedback information, managers have an incorrect perception of the impact of their decisions, and so they are unable to build their mental models accurately (Sterman, 2000) . Nevertheless, the double-loop process, although significantly impaired by possible cognitive limitations and imperfect feedback information, offers enormous potential for effective learning if means can be developed to overcome these limitations. Thus, appropriate performance measurement systems must be designed and implemented in order to overcome or minimize these barriers to strategic learning.
The balanced scorecard approach Kaplan and Norton (1992 , 1996a , 2001a introduced the balanced scorecard (BSC) with the aim of overcoming strategic management limitations of the traditional performance measurement systems, as they were too narrowly focused on financial measures. The BSC approach features a mix of lead (performance drivers) and lag (outcome measures) indicators; financial and non-financial measures; and hard and soft, more subjective measures. These are categorized as follows: (i) financial; (ii) customer; (iii) process; and (iv) learning and growth. The BSC tool helps managers monitor actual financial and market performance, evaluate the results of short-term processing actions, monitor the intangible development of competencies that will drive future financial performance and assess the progress of implementing corporate strategy. According to the authors, the BSC approach provides top managers with a picture of a possible future (a vision), a path for getting there (a strategy) and a mapping to medium-and short-term quantifiable objectives and actions. Strategy implies the movement of an organization from its present state to a desirable but uncertain future state. Since the organization has never been in such a future state, the pathway to it is built on a series of linked hypotheses (Kaplan and Norton, 2000) . To support managers in developing a cause-and-effect perspective and to better understand the business system in which they participate, Norton (2000, 2001a) developed the strategy map concept as a complementary tool to the BSC approach. The strategy map links the performance indicators in a causal chain (causal diagram) that helps managers to translate, test and communicate their understanding of the business system. This is a valuable step towards implementing and revising company strategy. Kaplan and Norton (2000) define a strategy map as a visual representation of a company's critical objectives and the crucial relationships among them that drive organizational performance. A more recent study (Kaplan and Norton, 2004) states that "We now realize that the strategy map, a visual representation of the cause-and-effect relationships among the components of an organization's strategy, is as big an insight to executives as the balanced scorecard itself."
It is clear that the BSC approach is consistent with the systemic and dynamic view of business management and performance measurement. The BSC framework recognizes the interconnectedness within the business and the importance of understanding cause-and-effect relationships and their dynamics as a consistent basis upon which to infer future performance and define objectives and action plans (Warren, 2002; Ritchie-Dunham and Puente, 2008) . Strategy maps combined with balanced scorecards provide an integrated and holistic approach to business management and performance measurement. The strategy map describes the managerial perception of the structure of the business system, while the performance measurement information provided by the BSC captures the essential nature of the system's behavior. The strategy map can be regarded as a systems thinking tool for modeling strategy. From this perspective, Kaplan and Norton even suggested that "the BSC can be captured in a system dynamics model that provides a comprehensive, quantified model of a business's value creation process" (Kaplan and Norton, 1996b) .
Improving learning and performance with the balanced scorecard
In the BSC framework, strategies are seen as hypotheses. Managers should be able to test, validate and review these hypotheses. The BSC provides feedback information to managers, allowing a better understanding of the business system and strategic redesign. Kaplan and Norton (2001a) argue that the BSC Fig. 1 . Double-loop process to manage strategy. (Adapted from Kaplan and Norton, 2001a) approach supports double-loop learning that facilitates managerial strategic learning, leading to better performance. Kaplan and Norton (2001b) describe the process of strategic learning and adaptation, as presented in Figure 1 . The pathway includes three components: organizations use BSC to link strategy to the budgeting process; management meetings to review strategy are introduced; and finally a process for learning and strategy adaptation evolves. In a continual process, managers use the balanced scorecard and the strategy map to re-evaluate the assumptions used in the previous strategy. They review the assumed cause-and-effect relationships and identify new ones. Then they improve their understanding of the business system and they determine a new strategy (Kaplan and Norton, 2001a) . In other words, BSC triggers a process by which managers can make explicit improvements to their mental models of the business system. They adapt the company strategy and define the new short-and medium-term objectives by simulating their mental models to infer the future behavior of the business system.
Balanced scorecard and organizational performance
Since BSC was firstly introduced (Kaplan and Norton, 1992) , an enormous number of books and articles that describe and recommend BSC have been published. In that literature, one can find comments such as: the BSC is "among the most significant developments in management accounting" (Atkinson et al., 1997) ; the BSC "is a necessary good for today's organizations" (Mooraj et al., 1999) ; the BSC "provides a new foundation for strategic control" (Olve et al., 2000) ; "Scorecards and strategy maps will be used as an organization's common language for discussing the rationale behind actions" (Olve et al., 2003) . According to Kaplan and Norton (2001a) , many organizations around the world are using the BSC approach to define, implement and manage strategy. In fact, recent surveys showed that BSC was the most popular performance measurement system, adopted by over 40 percent of organizations worldwide (57 percent in the UK, 46 percent in the USA, 28 percent in Germany and Austria) (Rigby, 2001; Speckbacher et al., 2003) .
Companies around the world continue making significant investments in the development and implementation of BSC systems. Considering that these investments are based on the hypothesis that the use of BSC has a positive impact on the performance of the organization, it is important to investigate whether these systems lead to an improvement in strategic learning and decision effectiveness. However, empirical research into the performance implications of the BSC approach is still scarce. And the positive contributions of the BSC have not been unambiguously confirmed by previous studies. There exist studies in the field of management accounting research that identify problems and limitations associated with the BSC approach. The inadequate definition and utilization of the performance indicators have been highlighted as a main drawback of the BSC system (Lingle and Schiemann, 1996; Stivers et al., 1998; Ittner and Larcker, 1998; Lipe and Salterio, 2000; Malmi, 2001; Speckbacher et al., 2003) . Those studies show in general terms that the measures and perspectives in use are fairly independent, and do not always mirror the recommended cause-and-effect logic of the BSC approach. reported that only 23 percent of the 157 organizations surveyed consistently built and tested causal models to support the definition of their performance indicators, but that these organizations on average did achieve a superior level of performance. and Hendricks et al. (2004) found no meaningful performance improvements as a result of BSC usage. Braam and Nijssen (2004) found that BSC use that complements company strategy leads to higher performance, while the performance effect of measurement-focused BSC use was significantly negative. Lipe and Salterio (2000) carried out an experiment to examine the judgmental effects of BSC in a business unit and found that evaluators frequently place greater or exclusive emphasis on common measures and tend to under-weight the influence of unique measures. Common measures tend to be lagging and financial, while unique measures are more often leading and non-financial (Kaplan and Norton, 1996a) . Consequently, this research suggests that, due to cognitive limitations, managers may not appreciate the significance of non-financial and leading measures, thereby defying the cause-and-effect logic built into the BSC approach and potentially reducing the benefits of using the BSC. Akkermans and van Oorschot (2005) describe a case study where a two-stage modeling process (qualitative causal loop diagramming followed by quantitative simulation) was used to overcome certain problems associated with BSC implementation. This research suggests that qualitative causal loop diagramming helps managers in identifying key variables and their causal interrelations, and the use of system dynamics simulation modeling is essential in developing a better comprehension of business dynamics, such as time delays and accumulations in the key business processes.
Some simulation-based experiments have been carried out within the system dynamics community with the aim of testing the impact of BSC on performance. In one simulation-based study (Ritchie-Dunham, 2001 RitchieDunham et al., 2007) , where subjects were asked to manage a firm by interacting with a system dynamics-based micro-world, it was found that similarity between the subjects' mental models and the structure of the simulation model positively impacted the performance improvement associated with BSC usage. These results also showed that BSC use led to mental models that more closely mirrored reality, with a commensurate positive impact on performance. The simulation-based experiments reported by Strohhecker (2007) also found evidence of a positive impact of BSC on performance.
Research model
This research focuses on how the BSC approach facilitates strategy review and implementation, leading to enhanced double-loop learning effectiveness, and how this type of learning influences performance. The expected relations and hypotheses, based on the following variables, are pictured in Figure 2. • Level of Balanced Scorecard (LBSC). This variable represents the extent of BSC use as a performance measurement system. In other words, this indicates to what extent managers focus on a BSC structure of performance indicators that combine critical financial and non-financial measures, instead of only relying on financial indicators when taking decisions.
• Level of Strategy Map (LSM). This variable represents the intensity of strategy map use as a tool associated with the BSC approach to support the process of strategy review and implementation. • Mental Model Similarity (MMS). This variable represents the participants' understanding of the structure of the business system, and measures the similarity between the structure of managers' mental models and the structure of the business system as represented in the simulator.
• Performance. The performance of this management task is measured in terms of the financial value created by the firm.
The performance measurement system associated with the BSC approach is viewed as a comprehensive structure of performance indicators that combine both financial and non-financial measures. The goal is to capture and understand the core elements of the business system's behavior. Consistent with the assumptions of the BSC approach, in order to make more effective decisions managers should focus on a mix of financial and non-financial indicators, instead of relying only on financial indicators. From a feedback system perspective, this means that managers who only use financial indicators (low LBSC) tend to be unable to learn and act effectively, as they are not aware and do not access the behavior of other critical components within the business system. A higher LBSC represents more comprehensive use of the performance measurement system associated with the BSC approach. This provides managers with more effective feedback information about business behavior that drives future performance. By using a higher LBSC, managers access more relevant information to interact with the business system, and they acquire a sharper understanding of the impact of their decisions. This relation improves their ability to build more accurate mental models, leading to higher MMS. In other words, the present work assumes that if managers use the BSC performance measurement system in the process of strategic review and implementation, they generate more effective double-loop learning and, consequently, more appropriate mental models.
Hypothesis 1: The use of the BSC performance measurement system is positively correlated with MMS.
It is assumed that by using the BSC strategy map tool managers will benefit from more effective double-loop learning as they review the critical causeand-effect relations through a process that externalizes and improves their mental models of the business system.
Hypothesis 2:
The use of the BSC strategy map tool is positively correlated with MMS.
This research assumes that managers perform better if the structure of their mental model is as similar as possible to the structure of the external system it represents.
Hypothesis 3: MMS positively influences Performance (financial value creation).
Method
System dynamics based simulation models have increasingly attracted the attention of researchers within this field. System dynamics appears to be an effective and relevant tool to create underlying formal simulation models for research purposes (Größler, 2001; Repenning, 2003) . In several areas of management research, computer simulators based on system dynamics models are used as a means to explore the subjects' understanding and behavior in complex situations. In particular, within the system dynamics community they are well accepted and frequently used as instruments for investigating human cognition and decision making in complex business situations (Sengupta and Abdel-Hamid, 1993; Paich and Sterman, 1993; Sterman, 1989; Howie et al., 2000) . We considered a system dynamics model to be an appropriate research tool for our problem. The hypotheses defined in this research and presented in the previous section were tested with a simulation-based experiment in which subjects interacted with a system dynamics micro world that provided information through a BSC interface. This section presents an overview of the chosen simulator, describes the subjects and the experiment conditions, and overviews the research model variables.
Simulator overview
The business simulator was built by incorporating the same system dynamics model that had been used in previous research (Ritchie-Dunham, 2001 Ritchie-Dunham et al., 2007) . This study uses the same business case, model structure, game interfaces and initial conditions that were defined by RitchieDunham (2002) . The text and simulator interfaces were translated into Portuguese. Apart from the translation, the model used in this experiment is identical to the original model.
The participants run a realistic simulator of a wireless telecommunications firm by making critical decisions every 6 months for a simulation period of 7 years. They analyze the business status and make the following decisions: investing financial resources in (1) infrastructure (base stations) and (2) information technology; and decisions on human resources in terms of (3) training, (4) hiring, and (5) • Growth and learning perspective. The level of information technology (IT), which influences the IT Facilitation Index, is accumulated when the firm invests in new IT and is withdrawn at a specific time thereafter. Employees have either relevant skills or obsolete skills. Skilled Employees are hired and may leave the firm by attrition or downsizing. They are converted to Obsolete Employees if their skills are made obsolete by newer information technologies. Obsolete Employees leave by attrition or downsizing, or may be trained to become Skilled Employees. The rate of employees being trained is influenced by training effectiveness, which in turn is influenced by the annual training budget. The HR (Human Resource) Service Index is influenced by the ratio of actual customers to skilled employees.
• Business process perspective. The firm decides to invest in infrastructure (Base Station Investment) and places orders for base stations with the suppliers, which accumulates the stock of "Base Stations in Process" (BSIP); in the simulator this refers to Base Stations that are in the process of being acquired. The suppliers' daily building capacity available to the firm is a function of the suppliers' annual building capacity and the firm's market share. This supplier building capacity is adjusted due to changes in demand and changes in the firm's output. The response time of the supplier's growth in building capacity causes stock accumulation of BSIP and delays the construction of infrastructure. Base stations eventually get converted from BSIP into Base Stations (in service). After a certain average usable lifetime, the Base Stations are closed. The number of Base Stations and the number of Customers determine the Capacity Utilization which influences Network Quality, which in turn influences the customers' Perceived Call Quality. The perceived call quality is also influenced by Network Coverage. Perceived Customer Service is a function of the IT Facilitation Index and the HR Service Index.
• Customer perspective. Perceived Call Quality determines Customer Satisfaction, which is also influenced by Perceived Customer Service. Customer Satisfaction influences the firm's Retention Rate, which influences Customer Flows.
• Financial perspective. Some financial variables (not shown in Figure 3 ) and related to revenues, costs, capital and value creation are calculated from the status and flow of resources in the firm.
A more detailed description of the business case and simulator model can be found in Ritchie-Dunham (2002) and Ritchie-Dunham et al. (2007) .
The initial conditions and model structure were the same for all participants. The participant objective was to develop those critical and interrelated resources (Base Stations, IT, Skilled Employees, and Customers) at appropriate rates and levels in order to gain and retain customers, operate efficiently, and maximize value creation. To succeed in this simulation task, participants had to identify and understand the cause-and-effect relationships among critical variables. As all resources had to be consistently developed, participants also needed to recognize and address both delay and stock accumulation effects, especially those related to the process of building infrastructure (due to the response time associated with the supplier's need to increase building capacity).
The simulator provides two alternative interfaces. One represents a financial scorecard interface (Figure 4) , which features EBIT and other measures that are directly related to its calculation (Ritchie-Dunham, 2002) . The other interface represents a BSC (Figure 5 ), which includes a set of leading and lagging, financial and non-financial indicators that are graphically separated into four sections related to the four perspectives associated with the BSC approach (Ritchie-Dunham, 2002) . Each simulator interface includes three screens: the first screen allows participants to enter their decisions and provides data for that time period; the second screen presents the historical behavior over time for each of the variables in the first screen; the third screen provides a description of each of the variables in use. 
Subjects, apparatus, procedure, and facilitation
This research was conducted at ISCTE (a business graduate school in Lisbon) and at Galp Energia, a Portuguese oil company and one of the largest firms in the country. At ISCTE the group consisted of 14 undergraduate students in their last year of a 4-year business degree. Their ages ranged from 22 to 25 and they had no work experience. At Galp Energia the task was performed by a group of 59 managers. Their ages ranged from 25 to 54 and on average they each had 13 years of work experience. The simulation task was performed individually (participants could not interact), anonymously and without financial rewards or incentives. As articulated by Camerer and Hogarth (1999) , there is no evidence that financial incentives improve performance in these types of experimental tasks. Moreover, the subjects were highly motivated to perform the task as they were interested in exploring the BSC and had volunteered to participate in the simulation experiment. All the participants were familiar with basic BSC concepts and with the financial measures used to calculate and define task performance. The participants had no experience with the simulator and they also had no prior specific knowledge about wireless telecommunications businesses.
At ISCTE, the experiment was carried out in a computer laboratory with one participant per computer. At Galp Energia, each participant performed the simulation on his/her own office computer. All participants were given a full experimental guide including: description and objective of the simulation task; case text; instructions for accessing and starting the simulator on the computer network; instructions for running the simulator; questionnaire about strategy and objectives; sheets for strategy map review (only for participants using strategy map); and a questionnaire about the relatedness of certain simulator variables.
The decisions made on the simulation and its results were automatically stored in a protected spreadsheet on the participant's computer. Each participant took about 120 minutes to perform the task.
In the simulation experiment, the participants were involved in the dynamical decision-making processes presented in Figure 6 . They analyzed business status using the simulator interface, used this information to review the strategy and objectives and decision making, and then repeated the process. There were three different stages. In stage A the participants ran the firm by using the financial scorecard interface ( Figure 4) ; in stage B the firm was operated using the BSC interface ( Figure 5) ; and in stage C the firm was run by using the BSC and the strategy map. As shown in Figures 6 and 7 , stages A and B had the same procedure and involved just one session. The procedure for stage C was different, as participants reviewed the strategy map and participated in two sessions. The experimental procedures had the following common initial steps. Firstly, the participants were randomly assigned to one of three stages (A, B or C). Next, they answered some questions (age, simulation experience, and management experience), and they read the introduction with the overall description and the objectives of the simulation and the business case study. Finally, the participants were instructed to raise any questions they had as they proceeded with the case.
For stages A and B, in the same session, the participants read the instructions for accessing, starting and running the simulator, and they were given oral instructions with examples to show simulator operation. A first simulation was conducted to familiarize participants with the game interfaces and commands. The actual experiment involved a second simulation that included a questionnaire about strategy and objectives every 2 years of simulation time. After the simulation, the participants answered a questionnaire about their understanding of the linkages between certain critical concepts.
The first session of stage C called for participants to read the business case text before performing the following steps. Firstly, the participants filled out the same questionnaire that was used on the final step of stages A and B about their ultimate understanding of the linkages between certain critical variables-this questionnaire captured their initial level of comprehension of the business system. The answers to that questionnaire were automatically translated into a network diagram using the Pathfinder procedure (Schvaneveldt, 1990; Rowe and Cooke, 1995) . The second session commenced with the analysis of an initial strategy map, drawn from the previous network diagram, that showed the linkages among critical concepts (example in Figure 9 ). Participants received instruction on how to read and interpret the initial strategy map, and how to review it by cutting or inserting links between the indicators and defining the arrows that indicated the cause-and-effect relationships. Since the initial strategy map only showed linkages among concepts, they were encouraged to draw arrows to define the cause-and-effect relationships among those variables (example in Figure 10 ). Next, they read the instructions for accessing, starting and running the simulator. They ran a first simulation to familiarize themselves with the game interfaces and commands, and at this point they were instructed to ask for help at any time. Finally the participants performed the simulation that represented the actual experiment; during stages A and B, they answered a questionnaire about strategy and objectives every 2 years of simulation time. However, this experimental group was also asked to review the causal diagram (strategy map) which had been provided in the experiment guide. They cut or inserted links so that the causal diagram accurately expressed their latest understanding of the simulated business system. The participants were also encouraged to use the strategy map to reflect on strategy, objectives, and decisions. Finally, they drafted a final strategy map-this map represented their ultimate understanding of the business system.
Research model variables
This section summarizes the use of the variables LBSC, LSM, MMS, and Performance, which were defined in the research model. In order to perform some exploratory analysis, the following variables were also defined and measured: Time (total time participants spent on the task); Age (participant's age); Simulation Experience (previous experience with management simulators); and Work Experience (previous work experience in management).
• LBSC. The variable LBSC features two degrees. In the low degree (low LBSC), the subjects ran the firm only by using the financial indicators included in the financial scorecard interface (stage A); in the high degree (high LBSC), the subjects ran the firm using the BSC indicators included in the BSC interface (stages B and C).
• LSM. The variable LSM also features two degrees. In the low degree (low LSM), the participants ignore the strategy map while running the simulator (stages A and B); in the high degree (high LSM), the strategy map is used to define and review the strategy and objectives (stage C). The strategy map (examples in Figures 10 and 15 ) that is used throughout this experiment consists of a causal diagram containing simulator concepts spatially organized into four sections related to the four perspectives of the BSC. The strategy map utilization is described in the previous section (under stage C procedures).
• MMS. The variable MMS represents the participants' understanding of the structure of the business system. As the structure of the simulated business system is known by the researchers in advance, it can be compared with the participants' mental model in order to evaluate how that elicited mental model matched the simulated reality. This variable measures the similarity between the structure of the subjects' mental models and the representative structure of the simulator (Figure 8 ) (Rowe and Cooke, 1995; Ritchie-Dunham, 2002) . In the lower level of the strategy map (defined in connection with stages A and B in the previous section), participants were asked to fill out a questionnaire detailing their final understanding of the simulated business system. This questionnaire used a nine-point scale to evaluate the relatedness of 14 concepts in the simulation model (Rowe and Cooke, 1995; Ritchie-Dunham, 2002) . The 14 concepts are relevant to understanding the simulated business system. The 91 pairings needed to relate the 14 concepts (n 2 /2 − n/2 = 14 2 /2 − 14/2 = 91) were presented in random order. The structure of the participant's mental model could be elicited by this pair-wise relatedness ratings technique. These elicited pairings were transformed into a network diagram using a network scaling procedure pathfinder (Schvaneveldt, 1990) . In the higher LSM (defined in the previous section under the discussion of stage C) the participants produced a final strategy map linking the same 14 concepts as were found in the simulation model. This final strategy map represented the elicited structure of the subjects' mental model. MMS was measured in terms of the similarity between two networks: the participants' mental model and the representative network of the simulator. This network similarity ranged from 0 (low similarity) to 1 (high similarity) and was determined by the number of common links divided by the total number of links in both networks (Schvaneveldt, 1990; Rowe and Cooke, 1995; Ritchie-Dunham, 2002 ).
• Performance. Task performance was measured by total financial value creation. This value was estimated by summing the discounted economic profit or economic value added (defined as Net Operating Profit Less Amortizations and Taxes − Weighted Average Cost of Capital × Total Capital Employed) of the firm over the seven simulated years (Copeland et al., 2000) . The performance measurement only took into account the economic value added; the firm's future value was not taken into consideration. This condition was defined so that the task objectives were made clear, allowing the participants to focus on the simulation period (7 years). Moreover, previous experience with this simulator had shown that the final decisions made by each participant were strong predictors of future value.
Results and discussion
The 73 participants were grouped as follows:
• stage A: using financial scorecard interface without strategy map (low LBSC, low LSM)-24 participants; • stage B: using BSC interface without strategy map (high LBSC, low LSM)-24 participants; • stage C: using BSC interface and strategy map (high LBSC, high LSM)-25 participants. Table 2 shows the results of statistical testing to identify differences in means between the stage groups. The participants in group C-BSC interface and strategy map review-showed on average the best MMS (mean = 0.443) and the best Performance (mean = 628). As shown in Table 2 , the mean values of MMS and Performance for group C were significantly different from the equivalent values for groups A (mean difference = 0.189, p < 0.001) and B (mean difference = 0.144, p < 0.001). On average, the participants of group B-BSC interface-showed a better MMS (mean = 0.295) than those in group A-financial scorecard interface (mean = 0.250). Table 2 shows that the difference is significant at p < 0.05 (mean difference = 0.045, p = 0.043). Participants of group A (mean = 329) and participants of group B (mean = 310) showed a similar mean value for Performance (mean difference = 18, p = 0.925).
The lowest values for the variables MMS and Performance were found in participants from group B-BSC interface (Table 1) . This result may be explained by the overload caused by an excessive amount of information-much larger than the information volume that was processed by participants of group A with the financial scorecard interface. This may have led participants to misinterpret the indicators of structure and behavior. In Table 1 , the mean value for MMS for stage C before simulation (Cbs) represents the participants' understanding of the simulated business system after reading the case text. Table 2 shows that the mean difference for MMS between stage C and Cbs is very significant (mean difference = 0.190, p < 0.001). It is clear that the differences in means for MMS from participants in groups A and B compared with participants in group C-before simulationare not very significant. This suggests that, on average, participants from group A (using financial scorecard) and B (using BSC without strategy map) did not learn much about the simulated business system.
The results suggest that strategy map review gave participants in group C a significant cognitive aid that accelerated their learning about the simulated business system. This simulation experiment did not involve a formal briefing session. However, after being informed about the global results, some participants of group C argued that, by accessing and reviewing the initial strategy map just after finishing the practice simulation, they tested their initial assumptions more effectively. Therefore, they may have benefited right from the start of the simulation that constituted the actual experiment with a better understanding of the simulator.
As an illustrative example of strategy map review, the initial and final diagrams drawn by a participant from group C (designated as "Z") are presented in Figures 9 and 10 . Before starting the simulation, Z was given the initial strategy map shown in Figure 9 . He interpreted the diagram and defined the causeeffect relationships. Then, he continuously reviewed the diagram during the simulation by inserting and cutting links (arrows). The final strategy map drafted by Z is presented in Figure 10 . Some common behaviors revealed in the simulation experiment can be observed in this example (Figures 9 and 10) . Links that were originally in the network were eliminated, yielding a simpler and clearer diagram. The links among financial indicators were correctly reviewed (revenues, operating cost, capital cost, and economic value added). The representative network of the simulated business system that was used to calculate MMS values considers some feedback loops which represent the interaction of the decision-maker (participant) acting within the business system. As can be seen in Figure 10 , Z did not draw those feedback loops on the strategy map. He considered a linear causal net starting with the four decision variables (IT Investment, Base Stations Investment, HR Hiring Rate and HR Training Investment) and ending at the Economic Value Added variable. Table 3 shows the results of multivariate regression analyses of MMS and Performance on the independent variables. The regressions were run on standardized values for all the variables so as to directly compare the relative effects of each independent variable on the dependent variable. As presented in Table 3 , regression analysis for MMS on the independent variables shows a highly significant effect for LSM (β = 0.542, p < 0.001), a significant effect for LBSC (β = 0.227, p = 0.050) and no significant effects for other variables. Regression analysis of Performance shows a highly significant positive effect for MMS (β = 0.595, p < 0.001), a significant positive effect for Work Experience (β = 0.274, p = 0.043), a significant negative effect for Age (β = −0.271, p = 0.039), and no significant effects for other variables.
The regression model was refined by performing a stepwise regression in order to exclude the variables that did not seem to significantly explain the dependent variables and to preserve the most significant explanatory variables ( Figure 11 ). As presented in Figure 11 , regression analysis of MMS on the most significant independent variables shows a very strong effect for LSM (β = 0.529, p < 0.001) and low significance for LBSC (β = 0.191, p < 0.1). Regression analysis of Performance shows a very significant effect for MMS (β = 0.528, p < 0.001), a significant positive effect for Work Experience (β = 0.343, p < 0.01) and a significant negative effect for Age (β = −0.237, p = 0.1). Unexpectedly, the results indicate that the variables Time (total time participants spent on the task) and Simulation Experience (previous experience in business game simulators) did not influence MMS or Performance. Interestingly, the findings show a positive effect of Work Experience on Performance, but this variable does not seem to influence MMS. In fact, the Work Experience variable differentiates two specific groups of participants: the managers from Galp Energia (with an average of 13 years of work experience) and the students from ISCTE (without any work experience in management). A possible explanation for that behavior is discussed below.
The simulator operates by participants developing and combining critical resources in appropriate levels in order to attract and retain customers, while running an efficient company. To reach this goal, the participants must understand the interdependence among critical resources and variables of the business system and they must combine these effectively. For instance, if they do not realize that Infrastructure, IT and Skilled Employees ought to be developed simultaneously so that appropriate values of Perceived Call Quality, IT Facilitation Index and HR Service Index are reached, they will not succeed in this game. In particular, the development of infrastructure (resource Base Stations) is critical to reach an acceptable level of customer satisfaction, and it has a significant influence on performance. Because suppliers take time to build capacity, this causes stock accumulation of BSIP and delays the process of building infrastructure. The participants had to deal with such stock accumulation and delay effects. They had to anticipate the investment decision to access the required resource at the right time and to avoid stock accumulation in the later simulation periods (because such a situation implied investment in base stations that would not be operational during the simulation). MMS relies on concept relatedness and does not capture stock accumulations and delays comprehension. One explanation might be that participants with managerial experience deal better with dynamical effects, resulting in better performance. In order to explore this hypothesis, the variable BSIP Stock Accumulation is designed to measure the level of understanding of the accumulation and delay effects in the infrastructure building process. Figure 12 shows a regression model that includes the variable BSIP Stock Accumulation. Regression analysis of BSIP Stock Accumulation on the most explanatory variables shows a strong effect of Work Experience (β = 0.418, p < 0.001) and MMS (β = 0.319, p < 0.01). Regression analysis of Performance on the most significant explanatory variables shows a strong effect of MMS (β = 0.438, p < 0.001), and BSIP Stock Accumulation (β = 0.286, p < 0.01). Since regression analysis on Performance as presented in Figure 11 showed a significant effect for Work Experience (β = 0.343, p < 0.01), and previous regressions indicated no significant effects for Work Experience, we also found a mediation effect of BSIP Stock Accumulation on the impact on Performance of Work Experience (Baron and Kenny, 1986) . The participants' performance was seemingly influenced by the level of comprehension of the relatedness of critical variables (MMS) and recognition of the effects of stock accumulation and delay in building infrastructure (BSIP Stock Accumulation). This seems to have been influenced by managerial experience. Consequently, these results appear to confirm that participants with managerial experience tend to deal more effectively with stock accumulation and delay effects, and thereby achieve better levels of performance.
To illustrate some typical behavior, selected simulation results are presented in Figures 13, 14, and 16 , showing the values of certain indicators for participant X from group B (high LBSC, low LSM), and Y and Z from group C (high LBSC, high LSM). Figure 13 shows the historical behavior over time for participant X (who had no work experience), revealing poor Performance (14 Ma) and low MMS (0.286). It can be observed that his firm kept increasing its level of investment on infrastructure as the BSIP and BS lines rose during the simulation, leading to a high BSIP value toward the end of the test. This suggests that this participant did not understand how stock accumulation and delay effects can impact infrastructure development (reducing investment in the final simulation periods would have increased performance). Because of his infrastructure development, Perceived Call Quality increased and reached a reasonable value at the end of simulation (0.99). The firm also invested intensely in IT and managed to maintain the IT Facilitation Index at its maximum value (1.2). However, this participant failed to understand the impact of HR Service Index and how to influence this variable. As the firm did not make correct decisions in hiring and training employees, the customer satisfaction indicator progressively declined. Because of that, after period 11, Customer Satisfaction decreased to below a critical level and the firm lost all its customers.
As is evident from Figure 14 , participant Y showed a different behavior. This participant (also without work experience) shows a very poor Performance (−432 Ma) and low MMS (0.278) . By looking at the BSIP and BS trends, one can conclude that the firm made strong infrastructure investments that became increasingly aggressive over time. Similar to X, these results indicate that Y did not understand the effects of stock accumulation and delays. Strong infrastructure development led to high values for Perceived Call Quality (1.37 at the end of the simulation). This participant also paid great attention to HR decisions as the HR Service Index shows reasonable values (1.22 at the end). However, this participant neglected the effects of the IT Facilitation Index. As can be seen in the final strategy map (Figure 15 ), this participant failed to relate IT Facilitation Index to Perceived Customer Service and, consequently, did not recognize the effect of IT Facilitation Index on Customer Satisfaction. At this point, it is interesting to note that Y also failed to draw correct arrows representing cause-effect relations. As the firm did not invest correctly in IT, the IT Facilitation Index indicator decreased progressively, reaching very low values during most of the simulation (0.36 by the end). However, the firm was able to remain in business because the level of Customer Satisfaction was reasonable, thanks to the very high values of Perceived Call Quality. Unfortunately, the enormous investment that resulted in such high Perceived Call Quality required a high capital expenditure, leading to very poor net performance. Figure 16 shows the simulation results for participant Z (who had work experience), who obtained reasonable values for Performance (719 Ma) and MMS (0.708). The strategy map drafted by Z is presented in Figure 10 , and it shows that this subject understood the critical cause-effect relationships. Z invested strongly in infrastructure from the beginning until period 4. His investment was later discontinued, while the accumulated BSIP were progressively converted to active Base Stations, reaching and maintaining a reasonable resource level that ensured positive values for Perceived Call Quality. These results confirm that Z paid attention to the stock accumulation and delay effects in the process of building company infrastructure. Participant Z also managed to achieve and maintain acceptable values for the IT Facilitation Index and HR Service Index. Consequently, Customer Satisfaction was high Figure 17 shows the regression model including the most significant variables defined in the research model, showing a very significant impact of MMS on Performance (β = 0.538, p < 0.001). These results confirm two of the three hypotheses (Table 4) : Hypothesis 2-The LSM positively influences MMS; and Hypothesis 3-MMS positively influences Performance.
Testing of hypotheses
On average, the participants from group B-BSC interface-showed a better MMS than subjects from group A-financial scorecard interface. These results are shown in Table 1 , with a significant difference evident in Table 2 . However, the regression showed no significant effect of LBSC on MMS. Consequently, our research does not provide full support of Hypothesis 1-that the LBSC positively influences MMS. The BSC performance measurement system provides better executive information than the financial scorecard, because the performance indicators of BSC capture the most relevant information about the system's behavior. Nevertheless, these results suggest that by using the BSC solely as a performance measurement system managers do not learn about the business system any more effectively than they would otherwise. Using the strategy map for strategy review and implementation significantly improved the MMS of participants, supporting Hypothesis 2. Thus, the strategy map process seems to produce more effective double-loop learning. In fact, as we hypothesized, the results suggest that the process of strategy map review gave participants from group C a powerful systems thinking tool that accelerated their learning about the simulated business system.
We also found strong evidence of the fact that improved MMS led to better performance, in support of Hypothesis H3. Therefore, enhanced double-loop learning effectiveness (viewed as an improvement in mental models) seems to improve management performance.
The results also indicate the mediation effect in the BSC approach of Mental Model Similarity on performance. As shown in Table 5 , LSM significantly influences MMS. The regression analysis "Performance (1)" shows an effect of LSM on Performance (β = 0.248, p < 0.1). When MMS is added to the regression analysis shown as "Performance (2) (β = 0.606, p < 0.001), while the influence of LSM on Performance decreases greatly and is not significant (β = −0.073, p = 0.595). These results support the conclusion that MMS mediates the impact of LSM on Performance (Baron and Kenny, 1986) .
Conclusion
This study is based on a laboratory experiment aimed at testing hypotheses about the impact of the BSC approach on students' and managers' learning and performance. Those hypotheses take into consideration a system dynamics and feedback learning perspective. The results of this simulation-based research provide useful contributions to the managerial field by showing how best to use the BSC approach in order to improve learning and performance. This study also offers contributions to the system dynamics field by reinforcing the importance of combining management flight simulators with causal diagramming modeling techniques as a basic strategy to improve mental models and dynamic decision making. This article also evidences the effectiveness and relevance of system dynamics modeling and simulation for experiments in the field of management research. According to Kaplan and Norton, the BSC approach supports what Argyris calls "double-loop learning", facilitating and accelerating managers' understanding of cause-and-effect relations among essential components of the organization's strategy. The intermediate goal consists of seeding and improving managers' mental models about the business system, thereby leading to better performance. This research confirms the main assumptions already articulated in previous studies. We observed that the utilization of the BSC approach as a strategic management system (involving balanced scorecards and strategy maps as suggested by Kaplan and Norton) does improve managers' mental models of the structure of the business system. Results concerning the strong impact of the causal diagram review process (strategy map) on learning and performance confirm that the feedback process for modeling and reviewing manager assumptions about cause-and-effect relationships leads to a better understanding of the business context and can promote organization performance. The participants' learning process in the simulated business context is only marginally improved when the strategy map is not reviewed. This is due to the fact that participants receive critical information but act as passive knowledge recipients as they internalize that information within their existing mental structures. The strategy map review strongly improves learning capacity because the participants become system modelers. Participants develop a systemic and dynamic understanding of the business context, by creating a causal model that represents the critical cause-and-effect relations. Our findings strongly confirm that the BSC approach can be significantly enhanced with the introduction of the strategy map concept. With this very simple systems thinking tool, the BSC approach offers managers opportunities to better model and learn about the business system.
This study also provides useful insights for accountants. We suggest that managers should complement the process of selection and utilization of strategic performance indicators with simple and effective modeling tools from the field of accounting. This process allows the review and improvement of managerial assumptions about the business context. Similar to other accounting studies (e.g., Maiga and Jacobs, 2003; Hendricks et al., 2004; Braam and Nijssen, 2004) , we found no evidence that the use of BSC as a performance measurement system enables managers to learn more effectively about the business system and improve its performance. Consistent with Lipe and Salterio (2000) , this research also suggests that, due to cognitive limitations, managers may not appreciate the significance of non-financial and leading measures, thereby sidestepping the cause-and-effect logic chain and reducing the potential benefits of using the BSC. BSC usage only leads to higher performance if managers understand the cause-and-effect relations that link drivers with future financial performance. In other words, even though the set of performance indicators includes the most important components of the business system, this information is not helpful if managers do not understand the crucial relationships among these indicators and how they drive organizational performance. This conclusion confirms what observed-namely, that many companies failed to use BSCs effectively because managers made little attempt to model and validate their understanding of the causal relationships between non-financial indicators and future financial performance. Finally, this paper provides important contributions to support the design of training programs that can teach and disseminate the BSC concept.
This study also provides a contribution to research that explores the performance implications of MMS. Our work reinforces the usefulness of the mental model construct as a means of investigating how managers learn about business systems and its impact on management performance in dynamical decision-making processes. The dynamic decision-making theory based on mental models asserts that managers make decisions which are the result of applying rules and policies governed by their mental models. An erroneous mental model means that there are significant differences between the managers' perception and the business reality. Several research questions regarding cognitive processes by which mental models are improved, and regarding the nature of how they determine intended actions and decisions, are the focus of other studies within the system dynamics community. One research question explores whether or not improved mental models of systems lead to better decisions. As suggested in similar previous research using the same simulator (Ritchie-Dunham, 2002 ), improved mental model similarity does lead to better performance. Another general research question asks which learning processes and strategies can best improve mental models. A significant number of promising techniques based on system dynamics modeling and simulation have emerged in order to improve mental models and dynamic decision making. Many experiments concerning the effects of interaction with management flight simulators have been carried out within the system dynamics community. This paper also documents some effects of interaction with system dynamics models on mental models. The results suggest that to improve mental models decision makers should take advantage of very simple systems thinking approaches like causal diagrams to model and review their understanding of the system. This research also emphasizes the importance of the "modeling for learning" concept. The system dynamics simulator used in this experiment appeared not to improve participants' learning when it was only applied as a management flight simulator without an accompanying modeling task. Causal diagramming processes led to new insights and reinforced the importance of modeling effectiveness when devising techniques and strategies for improving learning and dynamic decision making.
